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Diabetic retinopathy is the leading 
cause of new cases of legal blind- 
ness in the U.S. (1), affecting 4.2 
million Americans, 655,000 of whom have 
sight-threatening retinopathy (1,2). Identi- 
fying patients who are at increased risk of 
progression from nonproliferative (NPDR) 
to proliferative diabetic retinopathy (PDR) 
is important for many reasons. From the 
patient's perspective, individuals who prog- 
ress from NPDR to PDR frequently 
experience a decline in best-corrected visual 
acuity, which can have a profound impact 
on health-related quality of life (3). In addi- 
tion, those who develop PDR are at substan- 
tially increased risk of serious complications 
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that can result in permanent vision loss such 
as tractional retinal detachment, vitreous 
hemorrhage, and neo vascular glaucoma 
(4,5). From a societal perspective, the costs 
of caring for patients with PDR are four 
times greater than the costs of managing pa- 
tients with NPDR. One study found the av- 
erage cost of caring for patients with NPDR 
to be 292 USD, while it cost 1,207 USD to 
manage patients who develop PDR (6). An- 
other study conducted by the National 
Health Services in Taiwan found that indi- 
viduals who progressed from NPDR to 
PDR were noted to have an increase in ex- 
penditures of 3,482 USD (7). The ability for 
clinicians to identify and treat patients early 



in the disease process, before they experi- 
ence progression to PDR, may result in 
considerable cost savings, especially in 
light of the growing number of individuals 
with diabetes mellitus (DM) in the U.S. 
population. 

In patients with DM, metabolic control 
as measured by HbA lc and disease duration 
account for only 11% of the risk of retinop- 
athy, leaving 89% to other factors (8). Sev- 
eral large population-based studies 
including the Wisconsin Epidemiologic 
Study of Diabetic Retinopathy (WESDR), 
the UK Prospective Diabetes Study 
(UKPDS), and the Action to Control Car- 
diovascular Risk in Diabetes (ACCORD) 
study have identified other risk factors as- 
sociated with the development or progres- 
sion of diabetic retinopathy (9-11). From 
the results of these studies, age, sex, socio- 
economic status, and comorbid systemic 
arterial hypertension are considered impor- 
tant determinants of retinopathy risk. We 
are unaware of any studies in the literature 
that have integrated these and other factors 
into a comprehensive diabetic retinopathy 
risk score that can help clinicians identify 
individuals who are at increased risk of pro- 
gression from NPDR to PDR. Risk calcula- 
tors such as the Framingham Risk Score for 
Atrial Fibrillation (12) and the Ocular Hy- 
pertension Treatment Study risk calculator 
(13) have been found to be useful in aiding 
clinicians with patient decision making. 

The purpose of this analysis was to 
assess risk factors associated with pro- 
gression of diabetic retinopathy among a 
diverse group of individuals with DM 
enrolled in a large managed-care network. 
By following beneficiaries longitudinally, 
we sought to confirm previously identi- 
fied risk factors and to define additional 
risk factors that may be associated with 
progression from NPDR to PDR. Finally, 
using the risk factors identified from our 
regression models, we developed a risk 
score that clinicians can use to identify 
groups of individuals who are at low and 
high risk of retinopathy progression. 

RESEARCH DESIGN AND 
METHODS 

Data source 

The i3 InVision Data Mart database (Ingenix, 
Eden Prairie, MN) contains detailed fully 
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OBJECTIVE — Identifying individuals most at risk for diabetic retinopathy progression and 
intervening early can limit vision loss and reduce the costs associated with managing more 
advanced disease. The purpose of this study was to identify factors associated with progression 
from nonproliferative diabetic retinopathy (NPDR) to proliferative diabetic retinopathy (PDR). 

RESEARCH DESIGN AND METHODS — This was a retrospective cohort analysis using a 
claims database of all eye care recipients age >30 years enrolled in a large managed-care network 
from 2001 to 2009. Individuals with newly diagnosed NPDR were followed longitudinally. 
Multivariable Cox regression analyses identified factors associated with progression to PDR. 
Three- and five-year probabilities of retinopathy progression were determined. 

RESULTS— Among the 4,617 enrollees with incident NPDR, 307 (6.6%) developed PDR. After 
adjustment for confounders, every 1 -point increase in HbA lc was associated with a 14% (adjusted 
hazard ratio 1.14 [95% CI 1.07-1.21]) increased hazard of developing PDR. Those with nonhealing 
ulcers had a 54% (1.54 [1.15-2.07]) increased hazard of progressing to PDR, and enrollees with 
nephropathy had a marginally significant increased hazard of progressing to PDR (1.29 [0.99- 
1.67]) relative to those without these conditions. The 5-year probability of progression for low-risk 
individuals with NPDR was 5% (range 2-8) and for high-risk patients was 38% (14-55). 

CONCLUSIONS — Along with glycemic control, nonophthalmologic manifestations of di- 
abetes mellitus (e.g. , nephropathy and nonhealing ulcers) are associated with an increased risk of 
diabetic retinopathy progression. Our retinopathy progression risk score can help clinicians 
stratify patients who are most at risk for disease progression. 
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deidentified records of all beneficiaries in a 
large managed-care network throughout 
the U.S. We had access to data for a subset 
of beneficiaries who had any form of eye 
care from 1 January 2001 through 31 
December 2009. This subset consisted of 
beneficiaries who had one or more ICD-9, 
Clinical Modification (ICD-9-CM) (14), 
codes for any eye-related diagnosis (360- 
379.9) or Current Procedural Terminol- 
ogy-4 (15) code for any eye-related visits, 
diagnostic or therapeutic procedures 
(65091-68899 or 92002-92499), or any 
other claims submitted by an ophthalmol- 
ogist or optometrist during their time in the 
medical plan. For each beneficiary, we had 
access to all medical claims (inpatient, out- 
patient, and skilled nursing facility) for oc- 
ular and nonocular conditions along with 
sociodemographic information (age, sex, 
race, education level, and household net 
worth) for each enrollee. The database 
also contains all outpatient medication 
prescriptions along with all available out- 
patient laboratory test results for each en- 
rollee during their time in the plan. All 
patients who were enrolled in the medi- 
cal plan were also fully enrolled in the 
pharmacy plan. This database has previ- 
ously been used to study other ophthal- 
mologic conditions including glaucoma 
and age-related macular degeneration 
(16,17). 

Patients 

All individuals age >30 years who were in 
the database continuously and had two or 
more diagnoses of DM based on ICD-9-CM 
billing codes 250.xx were identified. Con- 
tinuous enrollment in the plan is uninter- 
rupted plan enrollment from the date of 
plan enrollment. Next, we required each 
beneficiary to have one visit or more to an 
eye care provider (ophthalmologist or op- 
tometrist) during their first year in the 
plan with no diagnosis of NPDR or PDR 
(to help exclude nonincident cases). We 
then identified a subset of enrollees 
who were newly diagnosed with NPDR 
(ICD-9-CM codes 362.01, 362.03, 
362.04, 362.05, and 362.06) after their 
first year in the medical plan. Patients 
were followed from their index date (i.e., 
the date when they were first diagnosed 
with NPDR) for determination of whether 
they went on to develop PDR. We also re- 
quired all eligible enrollees to have one or 
more records of HbA lc after their index 
date for assessment of the impact of glyce- 
mic control on retinopathy progression 
and one or more visits to an eye 
care provider after the index date for 



determination of whether progression to 
PDR occurred. Individuals in the plan for 
< 1 year and beneficiaries who were not in 
the plan continuously were excluded. In 
addition, individuals who had any record 
of PDR (ICD-9-CM code 362.02) prior to 
the index date were excluded. 

Diagnosis of NPDR and PDR 

Among those who were diagnosed with 
NPDR, 4,330 of 4,617 (94%) diagnoses 
were made by eye care providers. A recent 
study comparing the accuracy of billing 
records for PDR with information listed in 
actual medical records found that 94% of 
patients seen by eye care providers who 
received a billing code for PDR had 
evidence of the condition in the medical 
record (18). 

Analyses 

Statistical analyses were performed using 
SAS, version 9.2 (SAS, Cary, NC). Partic- 
ipant characteristics were summarized for 
those with NPDR who did and did not 
develop PDR using means and SDs for 
continuous variables and frequencies and 
percentages for categorical variables. 

Multivariable Cox regression 

A multivariable Cox proportional hazard 
regression analysis was performed to 
determine the factors that affected the 
progression from NPDR to PDR. The 
proportional hazard assumption was 
tested by checking interactions between 
each of the key predictor variables and 
time and was not found to be violated 
(19). A delayed entry model was used 
where individuals were followed from 
the index date (the day they first were di- 
agnosed with NPDR) to the day they had 
their last visit to an eye care provider. In 
the model, we assessed the association be- 
tween the following factors and risk of di- 
abetic retinopathy progression: age at first 
diagnosis of NPDR, sex, race, comorbid 
hypertension, dyslipidemia, diabetic 
nephropathy, diabetic neuropathy, non- 
healing ulcers, HbA lc level, and treatment 
with ACE inhibitors, statins, sulfonylureas, 
metformin, and insulin. In the regression 
model, HbA lc level was treated as a time- 
dependent covariate, meaning HbA lc 
level was updated each time a new mea- 
surement was taken. In addition, each 
medication class was treated as time- 
dependent covariates in the model. For 
each class, we summed the total number 
of days used in the year prior to the index 
date. Then, each day after the index date 
that the enrollee continued to be followed 



in the plan, we summed the total days' 
supply of each medication consumed 
within the past year. In the regression 
model, we assessed the effect of daily use 
of medications in the past year. The regres- 
sion model output was converted to 
monthly use for ease of interpretation. 
While our data source lacked information 
on actual blood pressure readings, we 
were able to classify each enrollee as being 
normotensive (no record of hypertension), 
having "uncomplicated" hypertension, or 
having "complicated" hypertension. We 
defined uncomplicated hypertension as 
no evidence of end-organ damage from hy- 
pertension, while enrollees with compli- 
cated hypertension had at least one 
record of end organ damage from hyper- 
tension (e.g., hypertensive nephropathy, 
retinopathy). The regression models gener- 
ated hazard ratios (HRs) with 95% CIs. 
Tests for multicolinearity were performed 
using the variance inflation factor test, and 
there was no strong correlation among any 
of the variables in the model (variance in- 
flation factor <5 for all comparisons). 
Since the use of time-dependent covariates 
for predictive purposes is controversial 
(20), as a sensitivity analysis we reran our 
model replacing each of the time-dependent 
covariates with time-constant variables to 
determine whether that would impact the 
study findings. The regression model was 
validated using hold-out cross-validation, 
with a 50% training sample and a 50% test- 
ing sample. 

Using the findings from the Cox re- 
gression model, we determined the 3- and 
5-year probability of progressing from 
NPDR to PDR for patients with different 
levels of risk factors. In addition, we created 
plots depicting how the risk of experienc- 
ing retinopathy progression varied based 
on different levels of specific risk factors. 
For all analyses, P < 0.05 was considered 
statistically significant. The University of 
Michigan Institutional Review Board deter- 
mined that this study was exempt from hu- 
man subjects' approval, as the data had 
been completely deidentified before being 
provided to the researchers. 

RESULTS— A total of 4,617 beneficia- 
ries with NPDR were eligible for the 
study. Of those eligible, 307 (6.7%) pro- 
gressed from NPDR to PDR. The median 
length of time enrollees were followed 
from the index date was 1.7 years. Those 
with NPDR who did not develop PDR 
were in the plan for a median of 1 .7 years, 
and those with NPDR who progressed to 
PDR were in the plan for a median of 1 . 1 
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years (P < 0.0001) from the index date. 
Individuals with NPDR who did not de- 
velop PDR had an average of 7.0 visits to 
eye care providers, while those who expe- 
rienced progression from NPDR to PDR 
had an average of 10.0 eye care provider 
visits (P < 0.0001). 

The median age for those with NPDR 
who did not progress to PDR was 59.5 
years and for those with NPDR who 
progressed to PDR was 57.3 years (P = 
0.0005) There was no significant differ- 
ence in the proportion of individuals of 
different races or the proportion of males 
and females who did or did not progress 
to PDR (P > 0.2 for both comparisons). 
Among enrollees with NPDR who did not 
progress to PDR, 7.3% had no record of 
hypertension, 63.4% had uncomplicated 
hypertension, and 29.4% had hyperten- 
sion complicated by end-organ damage. 



By comparison, among those with NPDR 
who progressed to PDR, 5.5% had no re- 
cord of hypertension, 57.3% had uncom- 
plicated hypertension, and 37.1% had 
complicated hypertension. A greater pro- 
portion of those who experienced pro- 
gression from NPDR to PDR had diabetic 
nephropathy (39.1 vs. 26.0%), diabetic 
neuropathy (50.5 vs. 36.8%), and nonheal- 
ing foot ulcers (19.9 vs. 11.4%) relative to 
those with NPDR who did not progress 
to PDR (P < 0.05 for all comparisons) 
(Table 1). 

Multivariable Cox regression 

After adjustment for age, sex, race, med- 
ical conditions, and medications, every 
1 -point increase in HbA lc level was asso- 
ciated with a 14% increase in the hazard 
of progressing from NPDR to PDR (ad- 
justed HR 1.14 [95% CI 1.07-1.21]). 



For example, a rise in HbA lc from 8.0 to 
10.0% was associated with a 28% in- 
creased risk of progression from NPDR 
to PDR. The presence of comorbid dia- 
betic nephropathy increased the hazard 
of progression from NPDR to PDR by 
29% (1.29 [0.99-1.67]), a finding of 
marginal statistical significance (P = 0.06). 
The presence of comorbid nonhealing 
foot ulcers increased the hazard of pro- 
gression from NPDR to PDR by 54% 
(1.54 [1.15-2.07]). Factors that were not 
found to be associated with progression 
from NPDR to PDR included age, sex, 
race, comorbid dyslipidemia, hyperten- 
sion, and diabetic neuropathy or the use 
of statins, ACE inhibitors, or any of the 
classes of antihyperglycemic medications 
included in the model (Table 2). In a sen- 
sitivity analysis, we explored whether add- 
ing an additional class of antihypertension 
medications (angiotensin receptor block- 
ers) affected the results. The class of med- 
ications was not found to be associated 
with an increased or decreased risk of ret- 
inopathy progression, and its inclusion in 
the model did not appreciably affect the 
findings of other variables tested. In a sec- 
ond sensitivity analysis, we replaced each 
of the time-dependent covariates (medica- 
tion use and HbA lc ) with time-constant 
variables, and HbA lc and nonhealing ul- 
cers each continued to be associated with 
retinopathy progression (results not 
shown). 

Progression probabilities 

Based on the Cox regression models, we 
estimated the probability of progressing 
from NPDR to PDR based on the predictor 
variables listed above. The Supplementary 
Data depicts the equation to calculate sur- 
vival probability. The estimated 3- and 
5-year progression probability for a group 
of low-risk individuals (e.g., 80-year-old 
white females with HbA lc levels of 6.0% 
who had uncomplicated hypertension and 
dyslipidemia; who had no diabetic ne- 
phropathy, neuropathy, or nonhealing 
ulcers present; and who take statins and 
metformin) was 3% (95% CI 1-5) and 5% 
(2-8), respectively. The estimated 3- and 
5-year progression probability for a 
group of moderate-risk individuals (e.g., 
60-year-old white females with HbA lc lev- 
els of 12.0% who had uncomplicated hy- 
pertension and dyslipidemia, diabetic 
nephropathy, and no diabetic neuropathy 
or nonhealing ulcers and who took ACE 
inhibitors and metformin but no statins 
or other antihyperglycemics) was 11% 
(5-17) and 19% (8-18), respectively. 



Table 1 — Characteristics of enrollees with NPDR who did and did not progress to PDR 





No progression from 
NPDR to PDR 


Progression from 
NPDR to PDR 


Overall 


Total 


4,310(93.3) 


307 (6.7) 


4,617 


Time in plan (years)* 


5.6(2.1) 


6.0 (2.1) 


5.6 (2.1) 


Age (years)* 


59.2, 59.5 (9.9) 


56.9, 57.3 (9.7) 


59.1,59.4 (9.9) 




Male 


2,173 (50.4) 


145 (47.2) 


2,318(50.2) 


Female 


2,137 (49.6) 


162 (52.8) 


2,299 (49.8) 


Race 


White 


3,233 (75.0) 


224 (73.0) 


3,457 (74.9) 


Black 


477(11.1) 


42 (13.7) 


519 (11.2) 










Asian 


168 (3.9) 


11 (3.6) 


179 (3.9) 


Household net worth (USD) 


<25,000 


365 (8.5) 


25 (8.1) 


390 (8.5) 


75,000-149,999 


588 (13.6) 


40 (13.0) 


628 (13.6) 


150,000-499,999 


1,937 (44.9) 


126 (41.0) 


2,063 (44.7) 


>500,000 


894 (20.7) 


66 (21.5) 


960 (20.8) 


U.S. region of residence 


Northeast 


759 (17.6) 


44 (14.3) 


803 (17.4) 


Southeast 


2,257 (52.4) 


171 (55.7) 


2,428 (52.6) 


Midwest 


1,039 (24.1) 


78 (25.4) 


1,117(24.2) 


Hypertension status* 


No hypertension 


314(7.3) 


17(5.5) 


331 (7.2) 


Hypertension without 
complications 


2,731 (63.4) 


176 (57.3) 


2,907 (63.0) 


Hypertension with 






1,379 (37.1) 


Dyslipidemia 


4,108 (95.3) 


292 (95.1) 


4,400 (95.3) 


Diabetic nephropathy* 


1,122 (26.0) 


120 (39.1) 


1,242 (26.9) 


Diabetic neuropathy* 


1,587 (36.8) 


155 (50.5) 


1,742 (37.7) 


Nonhealing ulcers* 


490(11.4) 


61 (19.9) 


551 (11.9) 



Data are mean, median (SD); N; or N (%) unless otherwise indicated. *P < 0.05. 
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Table 2 — Cox regression models (univariable and multivariable) 





Univariable regression 


Multivariable regression 


Age (years) 


0.99 (0.98-1.00) 


0.99 (0.98-1.01) 




Male 


Ref. 


Ref. 


Race 


White 


Ref. 


Ref. 


Black 


1.41 (1.01-1.96) 


1.29 (0.92-1.82) 


Latino 


1.12 (0.77-1.65) 


1.12 (0.76-1.65) 


Asian American 


1.08 (0.59-1.98) 


1.35 (0.73-2.49) 


Medical conditions 


Uncomplicated hypertension* 


1.15 (0.69-1.92) 


1.10 (0.64-1.88) 


Complicated hypertension* 


1.49 (0.88-2.51) 


1.22 (0.69-2.15) 


Dyslipidemia 


0.81 (0.46-1.41) 


0.83 (0.47-1.47) 




Diabetic neuropathy 


1.46 (1.16-1.83) 


1.15 (0.90-1.47) 


Nonhealing ulcers 


1.84(1.39-2.43) 


1.54(1.15-2.07) 


HbA lc 


1.18 (1.12-1.25) 


1.14(1.07-1.21) 


Medicationst 


ACE inhibitors 


1.09 (0.83-1.44) 


1.15 (0.85-1.55) 


Statins 


0.84 (0.63-1.13) 


0.91 (0.66-1.26) 


Sulfonylureas 


0.76 (0.53-1.10) 


1.04 (0.68-1.59) 


Metformin 


0.63 (0.44-0.89) 


0.74 (0.49-1.11) 


Insulin 


2.05 (1.42-2.96) 


1.45 (0.94-2.24) 



Data are HR (95% CI). Boldface type indicates significance at P < 0.05. * Reference group (persons with no 
hypertension), f Medication use is reported as increased or decreased hazard for every additional year of use. 
For example, an HR of 0.91 for statins means that for every additional year of statin use, the hazard of ex- 
periencing retinopathy progression decreases by 9%. 



The estimated 3- and 5-year progression 
probability for a group of very high-risk 
individuals (e.g. , 40-year-old white females 
with HbA lc levels of 12.0% who had un- 
complicated hypertension, dyslipidemia, 
and diabetic nephropathy but no diabetic 
neuropathy or nonhealing ulcers present 
and were taking insulin, sulfonylureas, and 
ACE inhibitors but no statins or metfor- 
min) was 24% (8-38) and 38% (14-55), 
respectively. Figs. 1 and 2 depict the esti- 
mated progression probabilities over 
time for individuals with NPDR, varying 
selected risk factors in the model. 

CONCLUSIONS— In this analysis in- 
volving 4,617 individuals with newly di- 
agnosed NPDR, we identified three risk 
factors that are independently associated 
with progression to PDR: HbA lc level, di- 
abetic nephropathy, and comorbid non- 
healing foot ulcers. Using data generated 
from the multivariable regression analy- 
ses, we developed a risk score for diabetic 
retinopathy progression. Data on the 
model parameters were used to identify a 
patient's 3- and 5-year risks of progressing 
to PDR. The 5-year risk of progression is as 
low as 5% for patients with few risk factors 



and as high as 38% for those with multiple 
factors. 

Several longitudinal studies have an- 
alyzed the natural history of diabetic 
retinopathy. In the Blue Mountains Eye 
Study, the 5 -year risk for progression to 
PDR among 139 persons with NPDR at 
baseline was 4.1% (21). Roy and Affouf 
reported that among 725 black patients 
with insulin-dependent DM, 15% pro- 
gressed to PDR from no retinopathy or 
NPDR over 6 years (22). Vitale et al. re- 
ported that 9.2% of 269 patients with 
mild NPDR progressed to PDR over 
8 years (23). Among 703 UKPDS partici- 
pants with retinopathy present at diagno- 
sis, 29% experienced a two-step worsening 
of their retinopathy on the Early Treatment 
of Diabetic Retinopathy Study scale over 6 
years (4). The WESDR described a 37% 
incidence of progression to PDR in a pop- 
ulation of type 1 diabetic patients without 
retinopathy or with NPDR over 14 years 
(9). A meta-analysis of 28 studies by Wong 
et al, in which 55% entered the study 
without diabetic retinopathy, demon- 
strated a pooled incidence of PDR of 
11% over 4 years (24). In our analysis, 
the proportion of persons with NPDR 
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who progressed to PDR was 6.7%. Com- 
parisons of these population-based obser- 
vational studies with one another and with 
the findings of our analysis are difficult 
because of differences in the types of eye 
care providers monitoring the study par- 
ticipants, the method of detecting disease 
progression (dilated ophthalmoscopy vs. 
retinal photographs vs. claims data), the 
length of follow-up, the level of baseline 
retinopathy, the number of examinations 
in the follow-up period, and the sociode- 
mographic characteristics of the sample. 
Despite the differences in study method- 
ology, the proportion exhibiting progres- 
sion in our study is similar to those of the 
population-based studies. 

Many studies have demonstrated an 
association between level of glycemic con- 
trol and progression of diabetic retinop- 
athy (4,22,23,25,26). After adjustment in 
our analysis for potential confounding 
factors, every additional 1 -point increase 
in HbA lc level was associated with a 14% 
increased risk for progression to PDR. 
Systemic hypertension (9,22) and renal 
disease (22,26) are risk factors associated 
with progression to PDR observed in 
some, but not all (23), studies. We 
observed a marginally increased risk of 
progression in those with comorbid ne- 
phropathy (P = 0.06) and no association 
between systemic hypertension and pro- 
gression to PDR. Other previously reported 
factors associated with retinopathy pro- 
gression include younger age at DM diag- 
nosis (25), longer time since DM diagnosis 
(25), male sex (4), baseline total caloric in- 
take (27), low diastolic blood pressure 
(25), higher waist-to-hip ratio (25), larger 
retinal venular diameter (28), and PDR 
in the contralateral eye (26). We found 
no association between age, sex, or race 
and risk for disease progression (for 
each, P > 0.05); some other potential 
risk factors — notably, DM duration — 
could not be assessed using administra- 
tive claims data. 

We considered that nonhealing foot 
ulcers might contribute to retinopathy pro- 
gression after observing patients in our 
clinics with both of these conditions. Study- 
ing 3,719 persons with DM, Leese et al. 
previously found increased odds for foot 
ulcers in patients with mild-to-moderate 
NPDR compared with odds in those who 
had no retinopathy; compared with odds in 
patients who had mild-to-moderate NPDR, 
the odds were even higher among those 
with severe NPDR (29). In 2005, the French 
Working Group on the Diabetic Foot found 
that comorbid retinopathy was associated 
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Figure 1 — Impact of HbA lc and nonhealing ulcers on risk of progression of diabetic retinopathy. 
Red, HbA lc of 8 patients with no nonhealing ulcers; blue, HbA lc of 8 with nonhealing ulcers; green, 
HbA lc of 12 with no nonhealing ulcers; black, HbA lc of 12 with nonhealing ulcers. For all groups, 
age = 60 years, no nephropathy; all other variables at average levels. 



with a fourfold increased odds of being at 
high risk for foot ulcers (30). Nonhealing 
ulcers often lead to amputation. Moss et al. 
found the incidence of lower-extremity am- 
putation to be higher among patients with 
PDR than among those without retinopathy 
(31-33). In a 7-year follow-up of 733 pa- 
tients with DM by Hamalainen et al., those 
with new amputations were more likely to 
have diabetic retinopathy (34). Pima Indi- 
ans with lower-extremity amputations 
had a fivefold increased risk for NPDR 
and a 21 -fold increased risk for PDR com- 
pared with control participants with DM 
but no lower-extremity amputations (35). 
Our analysis, with adjustment for potential 
confounding factors, indicates a 54% in- 
creased hazard for progression from 
NPDR to PDR in patients with nonhealing 
ulcers. 

Several possible mechanisms may ex- 
plain this increased risk. First, nonhealing 
foot ulcers are associated with elevated 
levels of circulating cytokines, such as tumor 
necrosis factor-a (36) and interleukin-l|3 
(37,38), and these factors are associated 
with elevated risk for retinopathy (39). 
Second, advanced glycation end products 
also contribute to the inflammatory re- 
sponse of DM and play a role in the de- 
velopment of diabetic retinopathy and 
impaired wound healing (38,40,41). 



Third, levels of proinflammatory macro- 
phages increase in persons with foot ulcers 
and diabetic retinopathy (42). Thus, the 
presence of nonhealing diabetic ulcers 
may indicate elevated systemic levels of in- 
flammatory mediators, advanced glycation 
end products, and macrophages that, when 
present in the retina, cause a cascade of 
events resulting in PDR. 

If confirmed, the association between 
nonhealing ulcers and retinopathy pro- 
gression could have important implica- 
tions for clinical practice. Control of 
nonhealing ulcers may help to reduce 
progression of NPDR to PDR, the risk of 
vision loss, and the need for laser surgery. 
Moreover, improved communication 
with podiatrists may allow eye care pro- 
viders to be better aware of patients with 
DM who would benefit from close mon- 
itoring for worsening retinopathy. 

Risk scores can be useful tools for 
identifying persons at low, moderate, and 
high risk for an outcome of interest. In 
ophthalmology, the Ocular Hypertension 
Treatment Study investigators developed 
a risk calculator to help clinicians deter- 
mine the likelihood of glaucoma in patients 
with ocular hypertension (13). Risk cal- 
culators aid decision making on the 
frequency and intensity of patient moni- 
toring and can serve as tools to educate 



patients. For example, a clinician could 
inform a patient of her 5-year risk for ret- 
inopathy progression, according to the 
calculated risk score, and then alter the 
value of modifiable risk factors, such as 
the HbA lc level, to demonstrate the poten- 
tial impact of improved or worsened glu- 
cose control on her risk for blindness. 

We know of only one other diabetic 
retinopathy risk score. Aspelund et al. de- 
signed an algorithm to determine the 
appropriate screening interval on the basis 
of a patient's risk for macular edema or 
PDR. Prevalence data from the Icelandic 
eye-screening database and known risk 
factors from the WESDR and UKPDS 
were incorporated into the model, which 
gives a suggested interval between oph- 
thalmic examinations according to DM 
duration, HbA lc level, blood pressure, 
and the presence and grade of existing ret- 
inopathy (43). By contrast, our calculator 
specifically predicts the likelihood of pro- 
gressing from NPDR to vision-threatening 
PDR on the basis of sociodemographic 
data and nonocular comorbidities and in- 
cludes the novel contribution of nonheal- 
ing ulcers. 

Study strengths and limitations 

A major strength of this study is its large 
size. Many patients with NPDR were 
followed longitudinally over time to de- 
termine who developed PDR. Unlike 
many population-based studies that rely 
on a single local community for patient 
recruitment, our analysis involves a diverse 
group of U.S. patients with DM. Our models 
are adjusted for potential confounding 
variables, including sociodemographic 
characteristics, comorbid medical condi- 
tions, and use of selected medications. 

This study also has several limitations. 
We cannot know for certain whether par- 
ticular risk factors are causing retinopathy 
progression or merely represent markers of 
disease progression. Second, results of our 
analysis, involving U.S. health insurance 
carriers, may not be generalizable to un- 
insured and non-U. S. populations. Third, 
because health care claims databases con- 
tain no information on clinical parameters, 
potential factors such as disease duration, 
blood pressure, BMI, and tobacco use went 
unexamined. Also excluded from our anal- 
ysis was patients' baseline severity of 
NPDR, as ICD-9-CM billing codes lack 
such details. At baseline, some patients 
may have had mild NPDR, with few micro- 
aneurysms, whereas others may have had 
severe NPDR. Finally, additional research 
should be conducted to validate our 
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Figure 2 — Impact of HbA lc , nephropathy, and nonhealing ulcers on risk oj progression of di- 
abetic retinopathy. Red, HhA lc of 8 patients with no nephropathy or nonhealing ulcers; blue, 
HbA lc of 8 with nephropathy and nonhealing ulcers; green, HbA lc of 12 with no nephropathy or 
nonhealing ulcers; black, HbA lc of 12 with nephropathy and nonhealing ulcers. For all groups, 
age = 60 years and average levels of other variables are presented. 



findings, prospectively demonstrating the 
influence of these and other factors, before 
providers rely on the risk calculator in clin- 
ical practice. 

In conclusion, we have identified 
several factors associated with progres- 
sion from NPDR to PDR, including HbA lc 
level, diabetic nephropathy, and nonheal- 
ing foot ulcers. On the basis of our regres- 
sion model, we developed a risk score that 
can aid in identifying groups of patients at 
low, moderate, and high risk for progres- 
sion over 5 years. Once validated, this risk 
score may assist eye care providers in 
making clinical decisions, such as the fre- 
quency of monitoring in patients with 
NPDR. The model can also be adapted 
to include other variables as new ques- 
tions about the risks of DM complications 
arise. 



Acknowledgments — This study was supported 
by the National Eye Institute K23 Mentored 
Clinician Scientist Award (1K23EY01951 1-01), 
Midwest Eye Bank (EY020582), a Physician- 
Scientist Award from Research to Prevent 
Blindness, and the Taubman Institute, Alliance 
for Vision Research, Blue Cross Blue Shield of 
Michigan Foundation, an unrestricted grant 
from Research to Prevent Blindness, and 



Michigan Center for Diabetes Translational 
Research (P30DK092926 from the National 
Institute of Diabetes and Digestive and Kidney 
Diseases). 

No potential conflicts of interest relevant to 
this article were reported. 

K.H.N, researched data and contributed to 
writing the manuscript. N.T. performed sta- 
tistical analyses and reviewed and edited the 
manuscript. T.W.G.J.S.W., and W.H.H. con- 
tributed to the discussion and reviewed and 
edited the manuscript. J.D.S. researched data 
and contributed to writing the manuscript. 
J.D.S. is the guarantor of this work and, as 
such, had full access to all the data in the study 
and takes responsibility for the integrity of the 
data and the accuracy of the data analysis. 

Parts of this study were presented in ab- 
stract form at the Association for Research 
in Vision and Ophthalmology 2012 Annual 
Meeting, Ft. Lauderdale, Florida, 6-10 May 
2012. 



References 

1 . Centers for Disease Control and Prevention. 
National diabetes fact sheet: national esti- 
mates and general information on diabetes 
and prediabetes in the United States [article 
online], 2011. Available from http://www. 
cdc.gov/diabetes/pubs/pdf/ndfs_201 1 .pdf. 
Accessed 6 February 2012 

2. Zhang X, Saaddine JB, Chou CF, et al. 
Prevalence of diabetic retinopathy in the 



United States, 2005-2008. JAMA 2010; 
304:649-656 

3. Gabrielian A, Hariprasad SM, Jager RD, 
Green JL, Mieler WF. The utility of visual 
function questionnaire in the assessment 
of the impact of diabetic retinopathy on 
vision-related quality of life. Eye (Lond) 
2010;24:29-35 

4. Fong DS, Aiello L, Gardner TW, et al; 
American Diabetes Association. Retinop- 
athy in diabetes. Diabetes Care 2004;27 
(Suppl. 1):S84-S87 

5. Mazhar K, Varma R, Choudhury F, 
McKean-Cowdin R, Shtir CJ, Azen SP; Los 
Angeles Latino Eye Study Group. Severity 
of diabetic retinopathy and health-related 
quality of life: the Los Angeles Latino Eye 
Study. Ophthalmology 201 1;1 18:649- 
655 

6. Schmier JK, Covert DW, Lau EC, 
Matthews GP. Medicare expenditures as- 
sociated with diabetes and diabetic reti- 
nopathy. Retina 2009;29:199-206 

7. Woung LC, Tsai CY, Chou HK, et al. 
Healthcare costs associated with pro- 
gressive diabetic retinopathy among Na- 
tional Health Insurance enrollees in 
Taiwan, 2000-2004. BMC Health Serv Res 
2010;10:136 

8. Hirsch IB, Brownlee M. Beyond hemo- 
globin Ale — need for additional markers 
of risk for diabetic microvascular com- 
plications. JAMA 2010;303:2291-2292 

9. Klein R, Klein BE, Moss SE, Cruickshanks 
KJ. The Wisconsin Epidemiologic Study of 
Diabetic Retinopathy: XVII. The 14-year 
incidence and progression of diabetic reti- 
nopathy and associated risk factors in type 1 
diabetes. Ophthalmology 1998;105:1801- 
1815 

10. Matthews DR, Stratton IM, Aldington SJ, 
Holman RR, Kohner EM; UK Prospective 
Diabetes Study Group. Risks of progression 
of retinopathy and vision loss related to tight 
blood pressure control in type 2 diabetes 
mellitus: UKPDS 69. Arch Ophthalmol 
2004;122:1631-1640 

11. Chew EY, Ambrosius WT, Davis MD, 
et al.; ACCORD Study Group; ACCORD 
Eye Study Group. Effects of medical 
therapies on retinopathy progression in 
type 2 diabetes. N Engl J Med 2010;363: 
233-244 

12. Schnabel RB, Sullivan LM, Levy D, et al. 
Development of a risk score for atrial fi- 
brillation (Framingham Heart Study): 
a community-based cohort study. Lancet 
2009;373:739-745 

13. Gordon MO, Torri V, Miglior S, et al.; 
Ocular Hypertension Treatment Study 
Group; European Glaucoma Prevention 
Study Group. Validated prediction model 
for the development of primary open- 
angle glaucoma in individuals with ocular 
hypertension. Ophthalmology 2007;114: 
10-19 

14. Physician International Classification of Dis- 
eases. International Classification of Diseases, 



care, diabetesj ournals . org 



Diabetes Care, volume 36, June 2013 



1567 



Predictors of proliferative diabetic retinopathy 



9th Edition, Clinical Modification. Vol. 1 and 2. 
Chicago, IL, American Medical Association 
Press, 2006 

15. CPT 2006: Current Procedural Terminology. 
Professional Edition. Chicago, IL, American 
Medical Association Press, 2006 

16. Newman-Casey PA, Talwar N, Nan B, 
Musch DC, Stein JD. The relationship 
between components of metabolic syn- 
drome and open-angle glaucoma. Oph- 
thalmology 2011;118:1318-1326 

17. Stein JD, Vanderbeek BL, Talwar N, Nan 
B, Musch DC, Zacks DN. Rates of non- 
exudative and exudative age-related mac- 
ular degeneration among Asian American 
ethnic groups. Invest Ophthalmol Vis Sci 
2011;52:6842-6848 

18. Muir KW, Gupta C, Gill P, Stein JD. Ac- 
curacy of International Classification of 
Diseases, Ninth Revision, Clinical Modifica- 
tion billing codes for common ophthalmic 
conditions. JAMA Ophthalmol 2013; 131: 
119-120 

19. Allison PD. Survival Analysis Using SAS: 
A Practical Guide. 2nd ed. Cary, NC, SAS 
Institute, 2010 

20. Fisher LD, Lin DY. Time-dependent co- 
variates in the Cox proportional-hazards 
regression model. Annu Rev Public Health 
1999;20:145-157 

21. Cikamatana L, Mitchell P, Rochtchina E, 
Foran S, Wang JJ. Five-year incidence and 
progression of diabetic retinopathy in a 
defined older population: the Blue 
Mountains Eye Study. Eye (Lond) 2007; 
21:465-471 

22 . Roy MS , Affouf M . Six-year progression of 
retinopathy and associated risk factors in 
African American patients with type 1 
diabetes mellitus: the New Jersey 725. 
Arch Ophthalmol 2006;124:1297-1306 

23. Vitale S, Maguire MG, Murphy RP, et al. 
Interval between onset of mild non- 
proliferative and proliferative retinopathy 
in type I diabetes. Arch Ophthalmol 1997; 
115:194-198 

24. Wong TY, Mwamburi M, Klein R, et al. 
Rates of progression in diabetic retinopathy 



during different time periods: a systematic 
review and meta-analysis. Diabetes Care 
2009;32:2307-2313 

25. Porta M, Sjoelie AK, Chaturvedi N, et al.; 
EURODIAB Prospective Complications 
Study Group. Risk factors for progression 
to proliferative diabetic retinopathy in the 
EURODIAB Prospective Complications 
Study. Diabetologia 2001;44:2203-2209 

26. Valsania P, Warram JH, Rand LI, 
Krolewski AS. Different determinants of 
neovascularization on the optic disc and 
on the retina in patients with severe non- 
proliferative diabetic retinopathy. Arch 
Ophthalmol 1993;111:202-206 

27. Roy MS, Janal MN. High caloric and so- 
dium intakes as risk factors for progression 
of retinopathy in type 1 diabetes mellitus. 
Arch Ophthalmol 2010;128:33-39 

28. Roy MS, Klein R, Janal MN. Retinal ven- 
ular diameter as an early indicator of 
progression to proliferative diabetic reti- 
nopathy with and without high-risk 
characteristics in African Americans with 
type 1 diabetes mellitus. Arch Ophthalmol 
2011;129:8-15 

29. Leese GP, Cochrane L, Mackie AD, Stang 
D, Brown K, Green V. Measuring the 
accuracy of different ways to identify the 
'at-risk' foot in routine clinical practice. 
Diabet Med 2011;28:747-754 

30. Leymarie F, Richard JL, Malgrange D. 
Factors associated with diabetic patients 
at high risk for foot ulceration. Diabetes 
Metab 2005;31:603-605 

31. Moss SE, Klein R, Klein BE. Long-term 
incidence of lower-extremity amputations 
in a diabetic population. Arch Fam Med 
1996;5:391-398 

32. Moss SE, Klein R, Klein BE; The Wisconsin 
Study of Diabetic Retinopathy. The 14-year 
incidence of lower-extremity amputations 
in a diabetic population. Diabetes Care 
1999;22:951-959 

33. Moss SE, Klein R, Klein BE, Wong TY. 
Retinal vascular changes and 20-year in- 
cidence of lower extremity amputations 



in a cohort with diabetes. Arch Intern Med 
2003;163:2505-2510 

34. Hamalainen H, Ronnemaa T, Halonen JP, 
Toikka T. Factors predicting lower ex- 
tremity amputations in patients with type 
1 or type 2 diabetes mellitus: a population- 
based 7-year follow-up study. J Intern Med 
1999;246:97-103 

35. Mayfield JA, Reiber GE, Nelson RG, 
Greene T. A foot risk classification system 
to predict diabetic amputation in Pima 
Indians. Diabetes Care 1996;19:704-709 

36. Landis RC, Evans BJ, Chaturvedi N, 
Haskard DO. Persistence of TNFalpha in 
diabetic wounds. Diabetologia 2010;53: 
1537-1538 

37. Oncul O, Yildiz S, Gurer US, et al. Effect of 
the function of polymorphonuclear leu- 
kocytes and interleukin-1 beta on wound 
healing in patients with diabetic foot in- 
fections. J Infect 2007;54:250-256 

38. Acosta JB, del Barco DG, Vera DC, et al. 
The pro-inflammatory environment in 
recalcitrant diabetic foot wounds. Int 
Wound J 2008;5:530-539 

39. Meleth AD, Agron E, Chan CC, et al. Se- 
rum inflammatory markers in diabetic 
retinopathy. Invest Ophthalmol Vis Sci 
2005;46:4295-4301 

40. Huijberts MS, Schaper NC, Schalkwijk 
CG. Advanced glycation end products 
and diabetic foot disease. Diabetes Metab 
Res Rev 2008;24(Suppl. 1):S19-S24 

41. Meerwaldt R, Links TP, Graaff R, et al. 
Increased accumulation of skin advanced 
glycation end-products precedes and 
correlates with clinical manifestation of 
diabetic neuropathy. Diabetologia 2005; 
48:1637-1644 

42. Wu M, Chen Y, Wilson K, et al. Intra- 
retinal leakage and oxidation of LDL in 
diabetic retinopathy. Invest Ophthalmol 
Vis Sci 2008;49:2679-2685 

43. Aspelund T, Thornorisdottir 6, Olafsdottir 
E, et al. Individual risk assessment and in- 
formation technology to optimise screening 
frequency for diabetic retinopathy. Dia- 
betologia 2011;54:2525-2532 



1568 



Diabetes Care, volume 36, June 2013 



care .diabetesj ournals .org 



